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BACKGROUND Fractionated ablative laser resurfacing has become a widely used treatment modality. Its
clinical results are often found to approach those of traditional fully ablative laser resurfacing.

OBJECTIVE To directly compare the molecular changes that result from fractionated and fully ablative
carbon dioxide (CO2) laser resurfacing in photodamaged human skin.

METHODS AND MATERIALS Photodamaged skin of 34 adult volunteers was focally treated at distinct sites
with a fully ablative CO2 laser and a fractionated CO2 laser. Serial skin samples were obtained at baseline and
several time points after treatment. Real-time reverse transcriptase polymerase chain reaction technology and
immunohistochemistry were used to quantify molecular responses to each type of laser treatment.

RESULTS Fully ablative and fractionated CO2 laser resurfacing induced significant dermal remodeling and
collagen induction. After a single treatment, fractionated ablative laser resurfacing resulted in collagen
induction that was approximately 40% to 50% as pronounced as that induced by fully ablative laser
resurfacing.

CONCLUSIONS The fundamental cutaneous responses that result from fully ablative and fractionated
carbon dioxide laser resurfacing are similar but differ in magnitude and duration, with the fully ablative
procedure inducing relatively greater changes including more pronounced collagen induction. However, the
molecular data reported here provide substantial support for fractionated ablative resurfacing as an effective
treatment modality for improving skin texture.

This study was supported by the University of Michigan Department of Dermatology Laser Research Fund and
by an American Society for Dermatologic Surgery Cutting Edge Research Grant. The authors have indicated
no significant interest with commercial supporters.

Traditional fully ablative laser resurfacing remains

a gold standard procedure for improving the

texture of photodamaged skin,1 but concerns regard-

ing recovery times and the potential for significant

complications of this procedure, including scarring

and permanent dyspigmentation, have led to the

development of alternative treatment approaches.2

Several years ago, nonablative procedures were

developed that proved to be safer and necessitated

significantly shorter down times, but results of these

treatments were often modest with respect to altera-

tions in skin texture. More recently, the concept of

fractionated photothermolysis was introduced.3 Frac-

tionated treatments generally involve microscopically

small beams of energy applied to the skin with sparing

of substantial portions of the total treated surface area.

In thisway, deeply penetrating columns of laser energy

heat the dermis and stimulatematrix remodelingwhile

still allowing for a favorable safety profile and rapid

healing. The initial devices in this category were

nonablative in nature, but even newer systems have

applied ablative laser therapy in a fractionated format.

*All of the authors are affiliated with the Department of Dermatology, School of Medicine, University of Michigan,
Ann Arbor, Michigan
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Ablative fractionated laser resurfacing attempts to

strike a balance between the brief recovery times of

other fractionated procedures and the profound

clinical efficacy of traditional fully ablative laser

resurfacing. Several reports of the effectiveness of

this treatment approach have been published, and

the safety profile appears to be generally favorable as

well,4–7 but detailed quantification of the cutaneous

cellular and molecular alterations resulting from this

promising treatment modality are lacking. In addi-

tion, there have been no direct quantitative com-

parisons of the molecular changes that result from

fractionated ablative laser resurfacing with those

that occur after fully ablative laser resurfacing.

Prior work at our institution has demonstrated the

ability to quantify cutaneous responses to various

aesthetic interventions.8–17 Our data suggest that the

magnitudes of specific molecular responses are

predictive of the clinical efficacy of a given treatment

intended to improve the texture of photodamaged

skin. Furthermore, data that delineate the degree to

which the newer fractionated treatments approach

typical results of the gold standard of traditional

resurfacing may enhance patient education regard-

ing expected outcomes. We therefore sought to

examine, quantify, and directly compare dermal

remodeling that results from fractionated and fully

ablative carbon dioxide (CO2) laser resurfacing in

photodamaged human skin.

Materials and Methods

Volunteer Recruitment and Inclusion and

Exclusion Criteria

The institutional review board of the University of

Michigan Medical School approved this study, and

written informed consent was obtained from all

study subjects before entry into the study. Subjects

of either sex and any ethnicity or race were eligible.

Adult human volunteers aged 50 to 67 (mean 56.8)

with clinically evident photodamage of the forearm

skin that was rated as moderate to severe were

recruited. Treated patients had Fitzpatrick skin types

I, II, or III. Subjects were recruited from the

University of Michigan’s Cosmetic Dermatology and

Laser Center patient base and from the Department

of Dermatology’s pool of prior research subjects.

Subjects were required to be in good health and

demonstrate a willingness and ability to understand

and adhere to the requirements of the study proto-

col. Exclusion criteria included a history of infection

of the treated skin, a history of keloid scar forma-

tion, a history of allergy to lidocaine or other similar

anesthetics, oral retinoid use within 1 year of study

entry, lack of adherence to the study protocol, prior

laser therapy of the treated skin, and a medical

history or concurrent illness that investigators

deemed unsafe for study participation. Pregnant or

nursing patients were also excluded and a 2-week

wash-out period was required for all topical agents

being applied to the forearm skin.

Laser Treatment and Skin Biopsies

Subjects underwent a medical history and a cuta-

neous physical examination of the forearms. Base-

line skin samples (4-mm diameter) were obtained

using a punch biopsy technique after local anesthesia

was achieved with injection of 1% lidocaine.

Medial and lateral strips of photodamaged dorsal

forearm skin free from scars were then focally

treated with the fully ablative CO2 laser (Ultrapulse,

Lumenis, Santa Clara, CA) or the fractionated CO2

laser (Ultrapulse Encore). A computer-generated

randomization determined which device was

applied to the medial skin strip and which was used

to treat the lateral skin strip for each patient.

Treatment parameters for fully ablative laser resur-

facing were 300 mJ; power 60 W; and computer

pattern generator settings of shape 3, size 5, and

density 6. Two passes were performed, with gentle

soaking and removal of thermal debris between

passes. Fractionated CO2 laser resurfacing was

performed in two passes. During the first pass, the

device was placed in the Deep FX mode, and

treatment parameters were pattern 2, pulses 1, size

7, energy 15 mJ, and density 15%. The second pass

was performed with the laser in Active FX mode
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with shape 3, size 5, density 3, and 100 mJ. Laser

treatment settings were intended to approximate

those that are commonly used in a clinical setting.

Patients were instructed in appropriate wound care,

including frequent skin soaks using a water and

vinegar mixture and applications of petrolatum.

They returned periodically for reevaluation and to

provide additional skin samples from treated sites at

various time points after the treatment. Tissue

obtained was analyzed using immunohistochemistry

and real-time reverse transcriptase polymerase chain

reaction (RT-PCR) technology to assess dermal

matrix changes at the protein and messenger RNA

(mRNA) levels, respectively.

RNA Extraction, Reverse Transcription, and

Quantitative Real-Time RT-PCR

Extraction of total RNA from whole skin samples

and reverse transcription coupled with quantitative

real-time PCR was performed as previously

described.18 Custom primers and probes were used

for matrix metalloproteinase (MMP)-1, MMP-3,

MMP-9, type I collagen, type III collagen, and

36B4 (RPLP0, ribosomal protein, large, P0). All

other primer–probe sets were validated gene

expression assays (TaqMan, Applied Biosystems,

Foster City, CA) (assay references available upon

request). Results are presented as differences

between treated and untreated skin samples nor-

malized to transcript levels of house-keeping

gene 36B4.

Immunohistochemistry

Immunostaining was performed on frozen skin

sections (7 lm thick), using primary antibodies that

specifically recognized neutrophil elastase (Dako,

Carpinteria, CA), MMP-1, MMP-3, MMP-9, pro-

collagen I (all from Chemicon/Millipore, Billerica,

MA), or endothelial cell marker CD31 (BD Pharm-

ingen, San Diego, CA). Antibody–antigen complexes

were visualized usingwith a secondary antibody-

peroxidase-AEC system (Biogenex, Fremont, CA),

as previously described.18

Procollagen I Protein Measurement

Procollagen I protein levels were quantified in skin

samples according to an enzyme-linked immuno-

sorbent assay (ELISA) using a commercial kit

(Panvera, Madison, WI), and normalized to sample

dermal volume, as previously described.17

Statistical Analysis

Differences in mRNA levels of specific genes at

specific time points during the study were statisti-

cally evaluated using repeated-measures analysis of

variance. Normality was assumed because of the

sample size. Mauchly’s sphericity test was used to

validate sphericity. If it was violated, the multivar-

iate Wilks’ Lambda test statistic was reported. When

significant treatment effects were found, individual

pairwise comparisons at each time point were made

using a paired t-test. Summary data are presented as

means and standard errors. An overall alpha level of

0.05 was used to determine statistical significance,

and all statistical tests are two-sided. All data were

analyzed using SAS version 9.2 (SAS Institute, Inc.,

Cary, NC).

Results

Patients tolerated the treatments well. One patient

developed mildly greater than expected erythema at

the treatment sites that was felt to be inflammatory

in nature. The patient was treated prophylactically

with a course of oral cephalexin, with complete

resolution of the erythema. Most patients developed

mild hypopigmentation where treated with the fully

ablative CO2 laser, and all patients developed small

scars at their biopsy sites, as expected. No additional

adverse events, including scarring, infection, delayed

wound healing, or dyspigmentation, were noted in

treated skin.

We have previously reported that fully ablative CO2

laser resurfacing of photodamaged human skin

elicits a highly orchestrated wound healing response

consisting of an acute inflammatory phase, reepith-

elization, and protracted remodeling of the dermal
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extracellular matrix (ECM).13,19 Acute inflamma-

tion is largely an expression of innate immunity,

which involves induction of a complex array of

cytokines, chemokines, and antimicrobial peptides

that stimulate influx and activation of monocytes

and neutrophils. Interluekin-1 beta (IL-1b) is a

primary cytokine. Fully ablative and fractionated

laser treatment produced significant increases in

IL-1b mRNA levels 1 day after treatment

(Figure 1A). Induction was 15 times as great after

fully ablative laser resurfacing than after fraction-

ated laser resurfacing. IL-1b mRNA levels remained

high for at least 1 week after fully ablative CO2 laser

treatment, whereas IL-1b gene expression returned

to near pretreatment baseline levels within 3 days

after fractionated laser treatment.

The chemokine IL-8 (CXCL8) is a potent neutrophil

chemoattractant that plays an important role in

innate immunity. Fully ablative and fractionated

CO2 treatment significantly induced IL-8 gene

expression. Maximal induction, which occurred

within 1 day after treatment, was more than 10

times as great (5,736-fold) after fully ablative than

after fractionated (490-fold) CO2 laser treatment

(Figure 1B). The duration of elevation was also

substantially longer after fully ablative resurfacing

than after fractionated CO2 laser treatment. IL-8

mRNA levels remained significantly higher for at

least 2 weeks after fully ablative CO2 treatment,

whereas IL-8 levels returned to baseline within

1 week after fractionated CO2 laser treatment

(Figure 1B).

Emerging knowledge has highlighted the important

role of antimicrobial peptides in innate immune

responses to protect against cutaneous infection. We

determined gene expression of two well-character-

ized antimicrobial peptides (AMP), cathelicidin and

beta-defensin 2, after laser treatment. Both AMP

were significantly induced after fully ablative and

fractionated CO2 treatment. Similar to IL-1b and IL-

8 gene expression, maximal induction of cathelicidin

(Figure 1C) and b-defensin (Figure 1D) was

(A) (B)

(C) (D)

Figure 1. Induction of inflammatory mediators gene expression by fully ablative and fractionated carbon dioxide (CO2)
lasers in human skin in vivo. Photoaged forearm skin was treated with fully ablative (traditional) or fractionated CO2 laser.
Skin samples were obtained at the indicated times after treatment and analyzed using real-time polymerase chain reaction
for gene expression of (A) interleukin (IL)-1, (B), IL-8, (C), cathelicidin (CAMP), and (D) human beta definsin-2 (HBD2). Data
are means ± standard errors of the mean, N = 6–10, *p < .05.
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observed during the first week after treatment,

although the magnitude and duration of induction

by fully ablative and fractionated CO2 laser treat-

ment did not significantly differ.

Induction of mediators of innate immunity, as

described above, causes influx of immune cells into

the skin. Neutrophils and macrophages are promi-

nent cell types that participate in the initial stage of

wound repair. We assessed the presence of neu-

trophils and macrophages, identified by the immu-

nohistochemical markers neutrophil elastase and

CD68, respectively, in skin after fully ablative or

fractionated CO2 laser therapy. Influx of both cells

types was observed within 24 hours after treatment.

At 3 days, substantial accumulation of neutrophils

(Figure 2A) and macrophages (Figure 2B) was

observed throughout the dermis in fully ablative CO2

laser–treated skin. Although fractionated CO2 laser

treatment also induced influx of neutrophils and

macrophages, the extent was substantially less than

after fully ablative CO2 laser treatment (Figure 2A,

B). By 7 days after treatment, the presence of both cell

types was substantially lower in fully ablative and

fractionated CO2 laser–treated skin.

In addition to causing immune cell influx, inflam-

matory mediators induce enzymes that degrade the

dermal collagen-rich ECM. This degradation

facilitates motility of immune cells within the dermis

and sets the stage for production of new ECM

during the remodeling phase of wound healing. The

enzymes that are primarily responsible for dermal

ECM degradation after CO2 laser treatment are

MMP-1, MMP-3, and MMP-9.13 MMP-1 initiates

cleavage of collagen fibrils, which are further

degraded by MMP-3 and MMP-9. The mRNA levels

of all three MMP were significantly higher within

1 day after fully ablative or fractionated CO2 laser

treatment (Figure 3). At this early time point,

MMP induction was greater with fractionated laser

treatment. Higher MMP production at 1 day after

fractionated laser resurfacing reflects the presence of

remaining wounded epidermis, which is a rich

source of MMP.20 At 3 days and at all later time

points, fully ablative laser resurfacing induced

higher MMP levels than those noted after fraction-

ated CO2 laser treatment (Figure 3). MMP-1 and

MMP-3 expression remained high during the first

week after treatment and then fell sharply by the

second week, whereas MMP-9 expression remained

high for at least 2 weeks. The peak mean induction

of MMP-1 mRNA 1 week after fully ablative laser

treatment (4,278-fold) was significantly greater than

after fractionated laser treatment (717-fold)

(Figure 3A). Similarly, MMP-3 induction was nearly

four times as high after fully ablative resurfacing

than after fractionated CO2 laser treatment

(A) (B)

Figure 2. Induction of inflammatory cells using fully ablative and fractionated carbon dioxide (CO2) lasers in human skin in
vivo. Photoaged forearm skin was treated using fully ablative (traditional) or fractionated CO2 laser. Skin samples were
obtained at the indicated times after treatment and analyzed using immunohistology for inflammatory cell markers (A)
neutrophil elastase and (B) CD68. Representative images from six subjects are shown.
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(Figure 3B). MMP-9 gene expression increased in a

more delayed fashion. Peak induction of MMP-9

mRNA at 3 weeks after fully ablative laser treat-

ment was six times as great as after fractionated

laser resurfacing (Figure 3C).

The temporal pattern ofMMP-1 andMMP-3 protein

expression after laser treatment was similar to that

observed for mRNA induction. Immunostaining for

MMP-1 (Figure 4A) and MMP-3 (Figure 4B) was

observed throughout the upper dermis. Staining

intensity for MMP-1 and MMP-3 was substantially

greater after fully ablative CO2 laser treatment than

after fractionated CO2 laser treatment. In contrast to

MMP-1 and MMP-3, MMP-9 immunostaining

differed from its mRNA expression pattern after both

types of laser treatment. MMP-9 protein is stored

within secretory granules in neutrophils. Influx of

neutrophils into skin, as described above, results in a

rapid increase in MMP-9 protein levels. Therefore,

MMP-9 immunostaining, which largely reflects

neutrophilic infiltration, was observed at 1 day after

fully ablative or fractionated CO2 laser treatment

(Figure 4C). Maximal staining was observed within

the first week after treatment, and consistent with

neutrophil elastase, staining was substantially stron-

ger after fully ablative than after fractionated CO2

laser treatment. This early induction of MMP-9

protein is largely independent of mRNA induction,

which was observed to peak at 2 to 3 weeks after

treatment (Figure 3C).

After the inflammatory phase of wound healing,

dermal fibroblasts produce new ECM, which is

primarily composed of type I and type III collagen

fibrils. These collagens are synthesized and secreted

as soluble precursors (procollagens), which undergo

proteolytic processing to form insoluble collagen

fibrils. The mRNA and protein levels of type I and

type III procollagen reflect ongoing collagen

synthesis. Fully ablative and fractionated laser

treatment significantly induced type I procollagen

mRNA (Figure 5A) and protein (Figure 5B).

Significant induction of type I procollagen mRNA

was observed at 2 weeks and remained high for at

least 5 weeks after treatment (Figure 5A) with each

laser treatment modality. Average peak induction

after fully ablative laser resurfacing (16.4-fold) was

almost twice that observed with fractionated CO2

laser treatment (8.4-fold).

Consistent with these mRNA data, immunostaining

revealed substantial induction of type I procollagen

(A)

(B)

(C)

Figure 3. Induction of matrix metalloproteinase (MMP)
gene expression using fully ablative and fractionated carbon
dioxide (CO2) lasers in human skin in vivo. Photoaged
forearm skin was treated with fully ablative (traditional) or
fractionated CO2 laser. Skin samples were obtained at
the indicated times post treatment and analyzed by real-
time polymerase chain reaction for gene expression of
(A) MMP-1, (B) MMP-3, and (C) MMP-9. Data are
means ± standard errors of the mean, N = 6–10, *p < .05.
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protein expression after fully ablative or fraction-

ated CO2 laser resurfacing. Increased staining as

compared to baseline was observed within fibro-

blasts in the upper dermis at 2, 3, and 5 weeks

after treatment (Figure 5B). Type I procollagen

staining was generally stronger after fully ablative

CO2 laser treatment than after fractionated CO2

laser treatment at all time points. To better assess

this difference, we used an ELISA-based assay to

quantify type I procollagen protein levels at 3 and

5 weeks after CO2 laser resurfacing (Figure 5C).

Average peak induction of type I procollagen

protein was greater after fully ablative laser resur-

facing (10.8-fold) than after fractionated laser

treatment (3.4-fold).

Similar to type I procollagen, both types of CO2

laser resurfacing induced type III procollagen mRNA

(A) (B)
(C)

Figure 4. Induction of matrix metalloproteinase proteins (MMP) by fully ablative and fractionated carbon dioxide (CO2)
lasers in human skin in vivo. Photoaged forearm skin was treated using fully ablative (traditional) or fractionated CO2 laser.
Skin samples were obtained at the indicated times after treatment and analyzed using immunohistology for (A) MMP-1,
(B) MMP-3, and (C) MMP-9. Representative images from six subjects are shown.

(A)

(B)

(C)

(D)

Figure 5. Induction of collagen gene and protein expression by fully ablative and fractionated carbon dioxide (CO2) lasers in
human skin in vivo. Photoaged forearm skin was treated with fully ablative (traditional) or fractionated CO2 laser. Skin
samples were obtained at the indicated times post treatment. Data are means ± standard errors of the mean (SEM), *p < .05.
(A) Type I collagen gene expression measured using real-time polymerase chain reaction (N = 6–10). (B) Type I procollagen
protein expression measured using immunohistology. Representative images from six subjects are shown. (C) Type I
procollagen protein quantified using enzyme-liked immunosorbent assay (N = 3). (D) Type III collagen gene expression
measured by real-time PCR (N = 6–10).
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(Figure 5D). Induction was observed at 2, 3, and

5 weeks after treatment. Average induction of type

III procollagen mRNA was 2.5 times as great after

fully ablative (10.5-fold) than after fractionated

(4.2-fold) CO2 laser treatment.

In addition to production of new collagen fibrils in

the ECM, dermal wound repair involves increased

vascularization.21 We assessed dermal blood ves-

sels in the upper dermis of skin sections by

immunostaining with an antibody that recognizes

the endothelial cell marker CD31. In sections from

untreated skin, CD31-positive endothelial cells

were associated with blood vessels, which

appeared circular or elongated, some with lumens,

depending on orientation within the dermis

(Figure 6A). CD31-positive vessel structures were

widely spaced apart. Fully ablative and fraction-

ated CO2 laser treatment increased the density of

CD31-positive vessels at 3 and 5 weeks after laser

treatment from baseline (Figure 6A). Staining was

particularly evident within the newly formed

collagenous ECM in the upper dermis. Comput-

erized image analysis revealed that both types of

lasers increased CD31 staining. Average induction

was 2.8 times as great after fully ablative

(6.5-fold) than after fractionated (2.3-fold) CO2

laser treatment (Figure 6B).

Discussion

Fractionated ablative laser resurfacing (FLR) has

been demonstrated to have substantial efficacy in

the treatment of a variety of textural problems in

human skin, including scars and rhytides second-

ary to photodamage.4,6,22 In addition, research

using high-resolution ultrasound indicates that

FLR results in increases in skin thickness.23 A

study by Weiss and colleagues used a three-

dimensional optical profiling system to produce

high-resolution topographical representations of

treated atrophic scars. Mean scar volumes and

maximal scar depths were calculated before and

after FLR, and these parameters were shown to

have improved 38.0% and 35.6%, respectively,

after treatment.24

Prignano and colleagues used immunohistochemical

techniques to examine the cytokine milieu before

and after fractionated ablative CO2 laser resurfacing

in photodamaged human skin.25 Although this study

was semiquantitative in nature (using a scale of 0–3

to signify the level of perceived immunoreactivity),

the authors demonstrated changes in immunostain-

ing of some important cytokines and growth factors,

including platelet-derived growth factor, endothelial

growth factor, and transforming growth factor beta,

(A)

(B)

Figure 6. Increased vascularization after fully ablative and
fractionated carbon dioxide (CO2) laser treatment in human
skin in vivo. Photoaged forearm skin was treated with fully
ablative (traditional) or fractionated CO2 laser. Skin samples
were obtained at the indicated times after treatment and
analyzed for vascularization using immunohistology for the
endothelial cell marker CD31. (A) Representative images of
CD31 immunostaining from six subjects are shown. (B) The
relative amount of CD31 immunostaining was quantified by
computerized image analysis. Data are means ± standard
errors of the mean, N = 6–10, *p < 0.05.
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after FLR. These changes appeared to be fluence

dependent. This work supports the notion that

fractionated laser resurfacing induces a controlled

wound healing response. Similar research based on

immunohistochemistry by Helbig and colleagues

demonstrated that the microscopic wounds induced

by FLR initially heal through regrowth of the

epidermis followed by collagen production in the

dermis.26 An inflammatory infiltrate including CD3+

and CD20+ cells appeared to be important in

clearance of thermally altered tissue as dermal

remodeling occurred.

Prior work by our group has revealed that a number

of lasers and other aesthetic interventions may

induce dermal remodeling to varying degrees.8–17

This research has resulted in a paradigm that

indicates that the degree of clinical improvement in

the texture of treated photodamaged skin produced

using a given treatment may be estimated according

to the quantified molecular changes it produces. It is

clinically evident that fully ablative and fractionated

ablative laser resurfacing may result in substantial

aesthetic improvements, not only with respect to

parameters such as dyspigmentation, but also in

terms of textural smoothing of sun-damaged skin. It

is also apparent that, with current technology and

typical treatment parameters, fully ablative laser

therapy produces more-profound changes. Despite

subjective attempts to compare the results of these

treatment approaches, what has been less clear is the

degree to which improvements in skin texture based

on FLR might approach those resulting from fully

ablative resurfacing. With collagen I induction

serving as perhaps the most direct predictor of

clinical efficacy, the current data suggest that FLR

may be expected to result in improvements in

texture that are roughly 40% to 50% of those

produced by fully ablative laser resurfacing after a

single treatment.

It is possible that the more-rapid return to baseline of

markers of dermal remodeling in fractionated laser-

treated skin reflects the relatively quicker reepitheli-

alization associated with that treatment modality.

Reepithelialization of the epidermis may act to

downregulate the wound healing cascade, and this

may be the focus of future research. Whether it is

specificallymore-rapid healing or simply a lower level

of initial wounding and thus skin damage after FLR

that facilitates the quicker return to baseline of these

important biomarkers is speculative at this time.

The current data are indicative of changes that

result from a single treatment, and it is possible that

serial fractionated therapy might ultimately produce

improvements that even more closely mimic

changes seen after fully ablative laser resurfacing.

The matter is the subject of future research by our

group. Improvements with respect to other mea-

surements of skin quality, including uniformity of

skin color after FLR, were not measured in the

current study and may prove to resemble those

resulting from fully ablative resurfacing even more

closely. One additional limitation of our study is

that it involved sun-damaged forearm skin rather

than facial skin, although we believe that the

fundamental wound healing and dermal remodeling

processes discussed above do not differ greatly

between these two sites. Mitigating this is that our

data are comparative in nature between the two

laser techniques studied, and thus we would expect

the relative results to be similar whether the skin

studied was on the face or forearm. In addition,

although the data reported here are indicative of

results with the use of specific treatment parameters,

the laser settings used in this study were selected to

be generally within the range of those typically

employed in a clinical setting.

We would hope that the information provided by

our results will be useful for clinicians in discussions

with patients regarding expected clinical outcomes

with fractionated ablative laser resurfacing. As

treatment parameters are optimized and the molec-

ular and clinical changes of serial fractionated

ablative laser therapy are measured, it is possible

that we will be able to provide treatments with even

greater clinical efficacy while maintaining the out-

standing safety profile of this treatment approach.
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